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ABSTRACT— Wc investigated the effects of NSP-513, C^H^^hydn^S-methyl-^H-P^py^^xo- 1-cyclo- 
bc3ceay0amino] pheny^3(2/y)^yrida2iriOne, on phosphodiesterase (PDE) isozyme activities, in vitro platelet 
aggregation and id vivo thrombus formation. hKP-513 selectively inhibited human platelet PDE 3 isozyme 
with an fC» value of 0.039 ^M. In an in vitro human platelet aggregation assay, the IC» values (aM) of 
NSP-513 for platelet aggregation induced by collagen, U-46619, nraehidonic acid, adenosine diphosphate 
(ADP), epinephrine and thrombin were 0*31, 0.25, 0.082, 0.66, 0.23 and 0.73, respecdveiy. In a mouse pulmo- 
nary thromboembolism model, orally administered NSP-513 showed in vivo antithrombotic effects that were 
320 to 470 times more potent than those of dlostazoL In a rat carotid arterial thrombosis model ratraduo- 
derafly administered NSP-513 (O.J nig/ kg), dlostazol (30mg/kg) and aspirin <30mg/kg) reduced thrombus 
formation by 75%, 66«7i and 4$%, respective^ However, intravenously administered dipyridamole (io 
mg/kg) did not significantly prevent thrombus formation. These results demonstrate that NSP-513 has the 
potential to prevent not only in vitro piatdet aggregation but also in vivo thrombus formation and indicate 
that the highly selective PDE 3 inhibitory effect of NSP-513 may make this compound useful for assessing the 
physiologic*! role of PDE 3. 
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Several platelet activators art released from injured 
arterial walls (1 - 3). Activated platelets then adhere to the 
disrupted vessel surface, and the resulting aggregation is 
associated with thrombus formation. It 2s widely acctpted 
that thrombus formation affects the progression of symp- 
toms in various cardiovascular or Cerebrovascular disor- 
ders such as unstable angina, myocardial infarction, tran- 
sient ischemic attack; and atherosclerosis (4-8), Aspirin is 
the most commonly used antiplatelet drug. However, it is 
believed that several platelet activators, such as adenosine 
diphosphate (ADP), thrombin, epinephrine and throm- 
boxane Aj (TXA>), simultaneously contribute to thrombus 
formation. For this reason, new antiplatelet drugs have 
been developed for the treatment of thrombus formation in 
patients with vascular disorders. 

Multiple forms of cyclic nucleotide phosphodiesterase 
(PDE) have been isolated from marry tissues and have 
been classified largely into seven isozyme famitie* (PDE 
1 through 7) (9, 10). The results of in vitro studies using 



* To whom rcprinl requests should be addressed. 



platelets suggested that selective PDE 3 inhibition in- 
creased intracellular cyclic adenosine monophosphate 
(cAMP) levels, decreased calcium levels and prevented 
platelet aggregation by several platelet activators such as 
collagen, arachidonic acid, ADP and epinephrine (11 - 14). 
However, there arc few reports regarding the in vivo anti- 
thrombotic activities of selective PDE 3 inhibitors, espe- 
cially in an arterial thromboses model with actual thrombi 
on the inner surface of blood vessels. There arc also few 
comparative studies of selective PDE 3 inhibitors versus 
other antiplatelet dru$s such as aspirin. PDE isozymes are 
present not only in platelets but also in blood vessels, and 
In vivo thrombus formation Is affected by cardiovascular 
conditions including blood flow or endothelial status. 
Therefore, it is important to evaluate the in vitro antiplate- 
let and in vivo antithrombotic activity of selective PDE 3 
inhib'tors. 

We performed conformation^] analysis on cAMP ana- 
logues and PDE isozymes with computer modeling and ob- 
tained NSP-513, (^O^r5^1iy<lrO-5-ir^hyl-6-[4^propyl- 
3 -oxo- 1 -cyci ohexcnyl)a2ttino] phenyl-3(2/^pyridazxnOne, 



IS*. 
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as a promising inhibitor (15). To determine whether a 
selective PDB 3 inhibitor such as NSP-513 prevents in vivo 
thrombosis induced by various platelet aggregating agents 
as well as in vitro platdet aggregation, we compared the in 
vjvo antithrombotic eflcctx of NSP-513 and rilostazol (14, 
16), selective PDE 3 inhibitors* with those of aspirin, a 
cycJooxygenase (COX) inhibitor, in a murine model of 
pulmonary thromboembolism induced by arachodonlc arid, 
ADP or collagen plus epinephrine. Electrical stimulation- 
induced injury of blood vessels has long been used to 
induce experimental thrombus (17-21); such a thrombus 
induced in an artery is morphologically consistent with 
human thrombi m disorders involving arterial thrombosis 
(18, 21). Therefore, to determine whether the inhibition of 
PDB 3 alone can inhibit thrombus formation in injured 
blood vessels, we also compared the In vivo antithrombotic 
activity of NSP-513 with those of eilostazoi, dipyridamole 
and aspirin in a rat model of electrical stimulation-induced 
carotid arterial thrombosis. 

MATERIALS AND METHODS 

All experiments complied with the Guidelines for Bio- 
logical and Pharmacological Experiments approved by 
Tsukuba Research Institute of Banyu Pharmaceutical Co., 
Ud. and the Guiding Principles for the Care and Use of 
Laboratory Animals approved by The Japanese Pharma- 
cological Society. For human blood sampling, healthy 
volunteers were informed of the purpose of this study and 
were paid for their participation. 

Drugs 

NSP-513 was syntbtsiscd at Nippon Soda Co,, Ltd. 
(Odawara). Cflostazol was extracted and purffied from 
Pletaal* tablets (Otsuka Pharmaceutical Co., Tokyo). 
Aspirin, ADP and heparin were purchased from Wako 
Pure Chemical Industries Ud. (Osaka). Milrinone, 
U-46619 (9,1 1-didcoxy-^x, J 1 a-mcthanocpoxy prostaglan- 
din Fao), arachidonjc add and thrombin were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA). Colla- 
gen was purchased from Nycomcd (Munich. Germany). 
Epinephrine (Bosmin 0 ) was purchased from Dafichi Phar- 
maceutical Co. (Tokyo). AH agents were prepared just 
before use. 

In vitro PDB activity assay 

PDE activity was measured by the method of Thompson 
et al. (22) with minor modifications. 

Beagle dogs were anesthetized, and each animal's heart 
and kidneys were rapidly excised and placed in ice-cold 
saline. The left ventricle and kidney cortex were minced, 
frozen rapidly in liquid nitrogen and stored at ~80°C. 
Human blood from healthy volunteers was collected by 



venipuncture into Tcrumo Single Blood Bags (Tern mo, 
Tokyo) containing trxsodium citrate (&37<ft final concen- 
tration). Platelet-rich plasma (PRP) was obtained from 
whole blood by centrifugation at UOxg for 10 mm at 
room temperature. A platelet pellet was obtained by fur- 
ther centrifugarioii of the PRP at l,050x£ for 10 rain at 
4°C. The pellet was resuspended in a volume of Tris- 
buffcred saline (20 mM Tris-HCl, 135 mM Nad, 5mM 
glucose, 13 mM sodium citrate, 2 mM EDTA-2Na, pH 7.4 
at 4*0 equal to the original PRP volume and precipitated 
by centrifugation at 1,050 xg for 10 aim at 4*C. This 
washing procedure was performed 3 times. The pellet was 
stored at - 80*C until use. 

The different molecular forms of PDB from the canine 
left ventricle and kidney cortex and from human platelets 
were separated by DEAE-cellulose anion exchange liquid 
chromatography. Briefly, the tissues and platelets stored at 
- 80*C were thawed, minced and homogenized in 10 vol of 
buffer A (10 mM Tris-Hd, pH 7.5, 2mM MgCfe, 2/tM 
leupeptin. 1/jM pepstatin A, 1 jiM p^anjldinophenylmeth- 
ancsulphonyl fluoride (p-APMSF) and 1 mM dithiothrdtol) 
with a poJytron homogenizer. This and all subsequent 
procedures were performed under ice-cold conditions. 
The homogenato was sonicated and then centrifuged 
at 100.000 xg for 40min. The supernatant was filtered 
through 4 layers of gauze and cSalyzcd for 5 h against 5 1 
of buffer B (70 mM sodium acetate, pH &5, 5 mM 2-mer- 
captoethanol, 1 AM kupcptm, 1 pepstatin A and 1 ^M 
p-APMSF). The cUalyzed supernatant was then applied to 
a DEABcdhilosc column (DE-52; Whatman, Kent, UK) 
equilibrated with buffer B. After the column was washed 
with buffer B, PDB was eluted from the column using a 
continuous 70- 1,000 mM sodium acetate gradient buffer 
solution (containing 5mM 2-mcrcaptoethanol, IjlM. 
leupeptin, 1/iM pepstatin A, l^M p-APMSF, pH6.5; 
total volume of 400 ml and flow rate of 20mi/h). A 5-ml 
aliquot of each of the eluted solutions was collected. Ap- 
propriate peak fractions (referred to as PDE 1, 2, 3, 4 and 
5) were pooled, concentrated using an Amioon ultrafiltra- 
tion cell fitted with a YM-10 membrane (Milh'porc Corp., 
Bedford, MA, USA), and diaiyzed against buffer B for 24 
h. The enzyme solution was diluted to 50% with glycerol 
and stored at -20°C. 

The fractions were assayed for cAMP- and cGMP-PDE 
activity (substrate concentration: I /zM) in the presence or 
absence of 0.3 units of calmodulin and 10/tM CaCfc or 1 
jiM cCMP. The identity of the isozymes was confirmed by 
their sensitivity to Ca 5 ^ /calmodulin (activator of PDE l) 
and cGMP (activator of PDE 2, inhibitor of PDE 3 but 
not PDB 4, and specific substrate for PDE 5). The reaction 
medium consisted of 40 mM Tris-HCl, 2 mM MgS0 4 and 
0.5 mM 2-mcrcaptoerhanoI (pH 7,5). The concentration Of 
substrate (['H}-cAMP or pHJ^cGMP) was I ^vL By suit- 
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able enzyme dilution, the rate of hydrolysis was kept to 
less than 209b of the added substrate. The reaction mixture 
was incubated at 30° C for 30 min and stopped by exposure 
to a boiling water bath for 1 min. After cooling and the 
addition of 100/ii of snake venom solution (1 mg/ml), the 
mixture was incubated for 15 min ai 30°C, The formed 
l 3 HJ-adenosrac or [ 3 H]-guanosine was separated from the 
reaction mixture by a small anion exchange resin column 
(AG1-XS; Bio-Rad. Hercules, CA, USA). Radioactivity 
was determined by a liquid scintillation counter. Each as- 
say was performed in triplicate for the same reaction mix- 
ture. The concentration causing 50% inhibition OCja) of 
PDE activity was calculated from the cc^eentrarion -inhibi- 
tion curve. The inhibitory effect on cardiac PDE 3 activity 
was measured in the presence of 30 uM rolipram, a PD5 4 
inhibitor, to prevent the influence of contamination with 
PDE 4, The drugs were dissolved in dimethylsulfoxidc 
(PMSO), The final concentration of DMSO in the medium 
was 2%, which inhibited PDE activity by less than 10%. 

In vitro platelet aggregation assay 

Blood was collected from human volunteers by venipunc- 
ture and from rats by aortic puncture, and it was drawn 
into a plastic syringe containing 3,8% (human) and 3.0% 
(rat) trisodium citrate solution (1:9 dtrate/Wood, v/v). 
The healthy, male volunteers had not taken any drugs 
(•including aspirin) for at* feast 7 days. Male SD rats were 
purchased from Charles River Japan. Inc. (Kanagawa). 
PRP was prepared by centrifugation at room temperature 
for 15 min at 110 for human blood and 135 xg for rat 
Wood. Platdet-poor plasma (PPP) was obtained from the 
precipitated fraction of PRP by centrifugation at room 
temperature for 15 min at 1,050 xg. The platelet count in 
PJRP was adjusted to 3 x 10 B platelets/ml using PPP. 

Platelet aggregation was induced by adding a submaxi- 
mal concentration of the respective agonists and continu- 
ously measured by recording the light transmission with a 
PAM-8C aggregometer (Mcbanix, Tokyo). A 20Oyd sam- 
ple of PRP was placed in the cuvette of the aggregometer 
and prebcubatcd for 0.5 min at 37°C in the case of 
thrombin, a washed platelet suspension was used and ZfA 
of 100 mM CaCl 2 was added to the suspension just before 
preincubation. Then, J/d of NSP-5I3, dlostazol or aspirin 
dissolved and diluted in DMSO or vehicle solution was 
added to the PRP. After 3 min of preincubation at 37 e C 
10 of each aggregating agent was added co the reaction 
medium. The light transmission on the aggregation 
response curve was measured for 7 min. The following ag- 
gregating agents were used in 0.97b Nad saline solutions 
prepared immediately before use: U-46619, arachidonic 
add, ADP, epinephrine and thrombin; collagen was dilat- 
ed in Suspension Kollagen Fibrils (SKF) buffer (Nyconicd). 
The maximum aggregation on the aggregation response 



curve was taken as a measure of the extent of platelet 
aggregation, and the concentration causing 507b inhibition 
(ICjo) of platelet aggregation was calculated from the con- 
centration -inhibition curve. 

In vivo pulmonary thromboembolism model 

Sudden death associated with platelet aggregation in the 
pulmonary microcirculation was induced in mice by treat- 
ment with platelet-aggregating agents (23-25). Male ICR 
mice weighing 20-30g (Charles River Japan, Inc.) were 
used in this experiment. Mice were fasted overnight before 
the tests. Acute pulmonary thromboembolism was induced 
by i.v. injection of the following platelet-aggregating 
agents: arachidonic acid (90mg/kg), ADP (400 ms/ kg), 
and collagen (500/ig/kg) plus epinephrine (50/xg/kg). 
These agents were dissolved or diluted in saline to yield 
an administration volume of 100/d/lOg body weight. 
NSP-513 (0.03. 0.1, 0.3, 1, 3 and IQmg/kg), dlostazol 
(30, 1Q0» 300 and 900 rag/kg) or aspirin (10, 30, 100, 300 
and 900mg/kg) was administered orally to the animals 
1 h before i.v. injection of the platelet aggregating agents. 
NSP-513. dlostazol and aspirin were suspended in 0.5% 
methyl cellulose (MQ to yield on administration volume of 
100 Ad/10 g body weight. The control mice received vehicle 
(0.5% MQ alone. The mortality rate was determined for 
30 min after injection of the aggregating agents. 

In vivo electrical stimulation-induced carotid arterial 
thrombosis model 

Thrombi were produced in male SD rats weighing 
400-450 g (Charles River Japan, Inc.) by an electrical 
stimulation method modified from that of Schumacher 
et aL (21), as follows; After overnight fasting, the rats were 
anesthetized with sodium pentobarbital (50 mg/kg. i.p, 
injection followed by a 20 mg/kg per hour Lv. infusion). 
Polyethylene cannulas were inserted into the jugular vdn 
or the duodenum to administer the drug, into the femora! 
artery to monitor mean blood pressure and heart rate, and 
into the trachea to maintain airway patency. The right 
carotid artery was exposed and dissected free of nerves and 
connective tissue. A piece of Parafilm® was placed under 
the entire length of the exposed vessd to provide dectricai 
isolation. An electromagnetic flow probe (l.Omm diam- 
eter; Nihon Kohden, Tokyo) was placed on the right carotid 
artery, and carotid blood flow was monitored continuously 
(MFV-3I00, Nihon Kohdcn). A stainless sted L-shaped 
needle (30 G, 5-mm tip) was Inserted into the carotid 
artery and placed in contact with the intimal surface of 
the vessd downstream from the flow probe about 60 min 
before the application of current. An anodic current of 
1 raA was delivered for 6 min using a constant current 
stimulator (SEN-32QI, Nihon Kohdcn) and on isolator 
(SS-102J, Nihon Kohdcn). The cathode was a silver hook- 



er*- «* 



"PAGE 33/41 ' RCVD AT 1/11/2007 4:06:26 PM [Eastern Standard Time] * SVR:USPT0€FXRM/1 1 ' DNIS:2730626 ' CSID: * DURATION (mrrws):22-36 



JAN-li-2007 16:34 



The Webb Law Firm 



P. 034 



NSP-513 and Thropbosis 



19) 



shaped wire attached 10 the carotid artery. At 40 min after 
the start of the anodic current the nrtery was opened 
lengthwise and the thrombus was removed. Wet weight was 
determined immediately using an electronic balance (HI 10; 
Sartorius Co., Gottingcn, Germany). Changes in blood 
flow were expressed as a percentage of the basal blood flow 
before drug adrmnistration, 

NSP-513 (0.0U 0.03 and 0.1 mg/kg). dlostfccol (tf.3, 3, 
30 m£/k£) or aspirin (10, 30 and 100 mg/kg) was injected 
intraduodenally (i.d.) 30 min before the application of 
current. For Ld, injection, aspirin* NSP-513 and dk>stazo] 
were suspended in 0.5Vo MC to yield an administration 
volume of S mi/kg. Dipyridamole (3 and 10 mg/K$) was 
injected i.v. 15 min before the application of current. For 
I,v. Injection, dipyridamole was dissolved in saline sotudon 
to yield an administration volume of 1 ml/kg. Intravenous 
infusion of heparin (300 unit$/kg per hour) was started 15 
min before the application of current. Heparin was dis- 
solved or diluted in safinc to provide an infusion rale of 
1 ml/h. The control rats received vehicle alone. 

Statistical analyses 

Data are expressed as the mean alone or the mean 
± S.E,M, Statistical analyses were performed by fisher's 
exact test for the pulmonary thromboembolism model and 
Dennett's test after analysis of variance for the carotid 
thrombosis model. P values less than 0.05 were consider- 
ed significant. 

RESULTS 

Inhibition ofPDE isozyme activity 

The inhibitory effects of NSP-513, dlostazol and 
dipyridamole were Investigated for PDE 2, PDB3 and 
PDE 5 in human platelets; tor PDE l , PDE 2 and PDE 3 



in canine left venrridc; and for PDE 4 in canine kidney 
cortex. In order of potency, the IC3& values of the tested 
drugs for the inhibition of human platelet PDE 3 were 
0.039 MM for NSP-513, 0.50 jiM for cilostazoi and 100 //M 
for dipyridamole (Table I). The Inhibitory effect or 
NSP-513 on PDE 3 was 13 and 2.600 times more potent 
than those of cilostazoi and dipyridamole, respectively. In 
addition, NSP-513 was at least 850 times more potent 
against human platelet PDE 3 than against other PDE iso- 
zymes (1, 2, 4 and 5). The selectivity ratio of cilostazoi for 
human, platelet PDE 3 as compared with the other iso- 
zymes ranged from 11 to >200. In contrast, dipyridamole 
was at least 100 times more selective against human platelet 
PDE 2 and 5 than against human platelet PDE 3. 

effects on m vitro platelet aggregation induced by various 
platelet activators 

NSP-513 showed potent end concentration-dependent 
inhibition of human platelet aggregation induced by colla- 
gen 0/ig/mI), U-45619 (3jkM), arachidonic acid (30b 
/ig/ml), ADP (10/lM), epinephrine (10^M) and thrombin 
(0.3 units/ml), with KC» values (oM) or 0.31, 0.25, 0.082, 
0.66, 0.23 and 0.73, respectively (Table 2). In addition, the 
ICjo value (uM) of NSP-513 for rat platelet aggregation 
Induced by collagen 0O/ig/ml) was 0*49. The antiplatelet 
effect of NSP-513 was 11 to 65 times more potent than that" 
of cilostazoi. NSP-513 and dlostazol completely inhibited 
both the first and second phases of platelet aggregation 
induced by ADP and by epinephrine. However, aspirin 
inhibited only the second phase of ADP- and epmephrinc- 
Induced aggregation. Moreover aspirin did not produce 
a 50*7o inhibition of the aggregation induced by U-46619, 
ADP or thrombin even at the highest concentration of 
1 mM, 



TaMc l* Inhibition of PDE isozyme* by cilostazoi and dipyridamole 



ICa faM) and selectivity o&atna human plaldet PDE 3 



Drugs 




Hunan platelets 






Dog kft veptridc 




Dog Iddncy cortex 


PDE 2 


PD£3 


PDE 5 


PDEl 


PDE 2 


PDE 3 


PDE 4 


NSP-513 


45 


0,030 


33 


>3000 


500 


0,064 


41 




(1200) 


(1) 


(850) 


f>26OQ0) 


(13000) 


(1.6) 


0100) 


Cilostazoi 


5.6 


0.50 


23 


>100 


58 


1,2 


78 




01) 


CD 


(4€> 


(>2DQ) 




CX4) 


(160) 


Dipyridamole 


0.75 


100 


0.97 


76 


30 


2<0 


3.0 




(O.OOS) 


(0 


(0.01) 


(0.*?) 


(0.3) 


(2.4) 





50% inhibitory concentration (fCjo) values were determined by leasMquares linear regression analysis from the percent inhibition of ptio> 
phodicierasc (PDE) activity raw* the to; molar cooceniratfoM of drugs. The values in pcueniheses indicate the sdectrviry of inhibition 
againa human pJatrtct PDE 3. Each assay performed In irfplfcatc for the some reaction mixture. 
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Table 2. Inhibitory effects or NSP-513. cfloggaol and aspirin on 



human platelet z$$Tt$an<m induced by various aggregating 



Drugs 














CfrTlHgra 


IM6619 


AA 


ADP 


Epi 


Thrombin 


NSMI3 

CDosttttOl 

Aspirin 


0,>l±0.O2 

m ±7 


0.25 ±0.W 
15±3 
MOOO 


0.082±0.02$ 
, 4.4 ±0.0 
1?±0.2 


0.66 ±0.1 J 
31±5 

MOOO 


0^3 ±0.05 
6.4*1.3 
4S±J5 


0.73 ±0.30 
8.0 ±4^ 
>!000 



_ , _ , „ ^ ^ w ^ .v. * um| VHWC UIG UUU)VH] « juT^mi ^ (UMOli i 11M 01 

U t^' 9 r 1^*?* <AA), IOjiM Of ttkflttb. cBpboSphatc (ADP). !0pM of opftepW^i) ^0.3 

h ^ TJ"^: ,0ry < ^°™ rati0n aCM) Vfllu « TO *ta»»td by JeMI-squar* limr raression analysis from 
thrperaot mWbltJonofploieh* twegmiem vows tbc tea motor cosxntraUont of dmgi. Dm are pretested at lie mew 



f30ecte on in Wvo pulmonary thromboembolism induced 
by various platelet activators 

Orally administered NSP-513 dose-depcadently inhibits 
the sudden death accompanied by acute pulmonary throm- 
boembolism that was induced by arachidonic acid, ADP 
or collagen, plus epinephrine; and the inhibitory effects of 
NSP-513 were 320 to 470 times more potent than those of 
cilostazoL la the model of arachidonic arid-induced sud- 
den death, the ID» values of NSP-513, cilostazol and aspi- 
rin were 0.12, 56 and 41 rag/kg, respectively (Table 3). In 
the model of ADP-induced thromboembolwm. the ED* 
values of NSP-513 and cUostazol were 045 rmj/ks and 160 
mg/kg, respectively (Table 4). In contrast, aspirin had no 
effect even at 3Q0 xn&/kg. In the model of colla$eo-plus- 



Tabk>3. EGecfc of NSP-S13. cilostazol and aspirin on ftrachidonlc 
aad-indoeed pulmonary thromboembolism in mice 



Drags 



Dose 



Dead/Tested % inhibition 



ID* 



Vehicle 
NSP-513 



Gilostaxol 



Aspirin 



0,03 
0,1 
0J 

1 

3 

10 
30 
100 
300 

10 
30 
100 
300 



2&/30 
16/20 
11/20* 
3/20* 

am? 

0/20? 
14/20 
10/20' 

8/20* 

16V20 
0/20* 

6VW 



a 

37 

83 

77 

100 

19 

42 

54 

S3 

8 

48 
71 

55 



Drogs were administered orally 1 h before i.v. rnjecttoo of arnchidonic 
add 00 mgAg). 50% inhibitory cfose (ID*) values were determined 
by least-squares linear regression analyiis from the percent inhibition 
of mortality versus the log molar doses of drugs. Dead -number of 
dead nricc. Tested- number of tested mice. 'PcaOl, hf><0.Q5 versus 
vehicle. 



epinephrineMndriced dirombocrnbolism, the ID^ value of 
NSP-513 was 2.8mg/Jtg, and cilostazol at $00 rug/kg 
produced about 50% inhibition (Tabic 5). However, aspi- 
rin even at 9O0m$/ks produced Only 10% inhibition, 

Effects on m vivo etcclriCQl stimulation-induced carotid 
arterial thrombosis 

We in du c e d occlusive thrombosis with the carotid blood 
flow (CB¥) decreased to nsro within at least 30min after 
the application of anodic current. Wet thrombus weight 
did not differ significantly among the vehicle-treated con- 
trol groups and averaged 4.5 ±0.2 rag (N«*l5) overall. 
Sham operation without applied current demonstrated that 
CBF was maintained throughout the cqjcriment, but 
minor thrombi were observed around the inserted deo 
erode. Thrombus weight in the vchide-trcatcd sham-opera- 
tion groups averaged 0.6±0.1 m$ (N«* 15) overall. There-, 
fore, in the foDowmg study, the ty> inhibition of thrombus 



Table 4, Effects of NSP-513, cflastnzDl and aspirin on ADP-induced 
pulmonary tttfombocmbonsm in mica 



Drugs 



Dose 



Dcod/Tested *> inhibition , ID * , 



0.12 

Vehicle 


VV T 


20/20 






NSP-513 


0.3 


11/20* 


45 






1 


6720* 


« 


0.43 


56 


3 


6720* 


70 




CBostazo) 


30 


14/20* 


30 






100 


12/20* 


40 


160 




300 


ft/ar 


60 


Aspirin 


30 


20/20 


0 




41 


100 


20/20 


0 


>300 




300 


20/20 


0 



!>nss were aaxmnistcred oraDy l b before i.v. injection of ADP 
(400nVk$). 50% Inhibitory dose OD^ vzlotx we determined by 
test-squares linear resresaon analysis from the percent Inhibition of 
mortality versos the Joe molar doses of ©Yds*. ADP* adenosine 
diphosphate, Dead = number of dead mice, Tested* number of tested 
mice, *P<aoi, *P<0^5 verm vehicle. 
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Table 5. Effects of NSIM13, dl«t«o) and opitfn on coIhpav.pl us- 
cplnephrine-inducod pulmonary thromboanholism in mice 



Drugs 


Dose 


Den a /Tested 


■ft inhibition 


(me/kc) 


Vehicle 




30/30 






**P-513 


0,3 


18/20 


JO 






I 


13/20* 


35 






3 


12/20* 


40 






10 


4/20* 


SO 




CDoaasol 


30 


19/20 


3 






100 


18/20 


10 


s900 




300 


is/ay- 


25 






900 


11/20* 


45 




Aspirin 


30 


18/20 


JO 






100 


15/20° 


25 






300 


16/20" 


20 


>900 




900 


16/20 


10 





Drugs were administered orally I fa before i.v. Injection of coDaseu 
(500/jg/kg) pins epinephrine (SO/jg/l^ 50<fc inhibitory dose (IDjq) 
values were determined by Icast-S^uuts ancar regression aixRlyis 
from Che percent inhibition or mortality versus the log molar doses of 
drugs. Dead - number of dead mice. Tested -number of tested mice. 
ivrO.OK *P<0,05 versus i 



formation for each drug was calculated by discounting the 
thrombus weight observed in the sham-operation groups. 

Intraduodenal Injection of NSP-513 (0.01-0.1 rag/kg) 
or cilostazol (0.3-30mg/fcg) prevented CBF reduction 
and thrombus formation in a dosevdependent manner 
(Figs. 1 and 2). In the NSP-513 (0.1 mg/k&)-treatcd and . 
dlostazol (30 u^/kg)-o-KUcd groups, thrombus weights ' 
were 1 .6 ± 0.2 mg (74.5 % inhibition. P<0.01) and I S ± 0. 3 
mg (6Wfo inhibition, PcO.01). respectively. However, Lv. 
injection with dipyridamole at doses of 3 and 10 mg/kg did 
not significantly prevent CBF reduction or thrombus for- 
mation (Pig. 3). 

NSP-513 did not affect mean blood pressure or heart 
rate, but the highest dose of NSP-513 (0.1 mg/kg) showed 
a tendency to slightly, although not significantly, increase 
heart rate (Fig, 4), Similarly, ctlostaaol and dipyridamole 
did not significantly affect mean blood pressure or heart 
rat? (data not shown). 

Intraduodenal injection of aspirin significantly prevented 
CBF reduction and thrombus formation, although dose- 
dependency was not observed (Fig. 5). The maximal anti- 
thrombotic effect of i.d. aspirin was observed at an inter- 
mediate dose of 30 mg/kg at a thrombus weight of 2.7 
± 0.4 mg (48. 1 <Pb inhibition, P< 0.05), 

Heparin (100 and 300 units/kg per hour, Lv, infusion) 
prevented CBF reduction and thrombus formation in a 
dosc-dependent maimer (Fig. 6). Thrombus weight 
decreased by 52.7% with heparin at a dose of 300 units/kg 
per hour (P<0.05). 



Drug 



Applicator* erf mole currant 




-40 -30 -20 



-10 0 10 20 
Time (min) 



T- 

30 



40 




ShwnoporattonVohiefe 



NSP-513 (moAg, 144 



FJjj, I . Effrcn of intraduodcnnUy 0,o\) Injected NSP-513 oo carotid 
Arterial blood flow (CBF) (top) and thrombin weight (bottom) in an 
electrical stimuiatioo^Ddaced carotid arterial thrombose rai modd. 
NSF-513 (101 -0J njg/fcg, Ld.) or vehicle was injected 30 min before 
the application of anodic current (1 mA, Sarin). Changes m CBF are 
expressed 4* a percentage of the basal CBF measured jwt before Injec- 
tion in each raL The basal CBP values were 7.2 ±U ntl/min (sbzm 
ope,, O). 6.5±0.8 rat/min (veWeJe, D), 8.9± l.Oml/min (NSP-5J3 
at 0.01 rag/kg. ft.7±l^raVmia (NSP-513 at 0.03 ms/kg, V) 
and S3 ± 0.8 ml/rain (NSP-513 at 0.1 mc/lcg, A), Dam repnxem the 
meant SX.M. of 5 animals per group. "FeO-Ol and •P<0.05 vemis 
vehicle. The sham-cpemrion group received vcMde without the appli- 
cation of current. 



DISCUSSION 

We found that NSF-513 was a highly potent and selec- 
tive PDE 3 inhibitor. In particular, NSP-513 was 850 times 
more potent against PDE 3 than against the other PDE 
isozymes (X , 2. 4 and 5), and the selectivity of NSP-5J 3 for 
PDE 3 over the other PDE isozymes was much greater 
than that of cilostazol (11 times) or dipyridamole (non- 
selective for PDE 3). Since PDBs exist in multiple forms in 
cells and tissues and each form of PDE acts in a complex 
manner In physiological responses, the extremely high PDE 
3 selectivity of NSP-513 suggests that this compound 
would be useful for assessing the physiological role of PDE 
3. 

In our in vitro piatdct aggregation study, NSP-513 dis- 
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-4O-30-20-10 0 10 20 30 40 
Time (mir>) 




Snam operation Vohicte 3 — 



Fie. X Effects of intnMtuodcnaJhr G-d.) Injected eiiostazol on carotid 
Arterial blood Cow (CBF) (top) and thrombd* weight (bottom) in an 
electrical stbnulfidOD-inducrd carotid arterial thrombosis rat model. 
CikwtaxoJ (03-70 mn/kg, id.) or veMefc w» injected 30 min before 
the application of anodic current <1 mA. 6 min). Change in CBF are 
expressed as a percenUge of the basal CEP measured just before injec- 
tion in each rat The basal CBF values veto 7,2 ± (J ml/pain (sham 
ope- 0)» 6.5 ± 0.8 ml/rmn (vehicle, □). 5.3 ± 0, 1 ttl/min (dkttUzol 
at 03 mg/5cg, •). 5.2 £ 0.4 ml/mln (eflestazol at 3 mg/fcg, ■) and 8,2 
± 0.7 rul/tnia (dlostazoi at 30rog/kg, A). Data represent tho mean 
± S.Z.M. Of 4 or 5 omtaab per group- *^P<0.01 and *F<0.05 versus 
vehicle. The sham-operation group r ec e i ve d vehlde without the appli- 
cation: of current. 

played potent and conccntrmioD-dependent inhibition of 
platdct aggrcgatioa induced by several platelet activators; 
furthermore, NSP-5J3 exhibited tittle or no species differ- 
ence in its antiplatelet activity, at least with respect to hu- 
man versus rat platelet aggregation induced by collagen. 
However, Ktaura et al. (14) reported that the inhibitory 
potencies of cilostazol on the ADP-induced platelet aggre- 
gation in rats is relatively less than that in humans. There- 
fore, it is considered that NSP-513 exhibits tfffcrcnt poten- 
cies against human and rats platelet aggregation induced by 
other platdct activators such as ADP, and NSP-5 13 should 
be used with caution. In the pulmonary thromboembolism 
model, orally administered NSP-5 13 attenuated the rate of 
mortality induced by several types of platelet activators 
such as arachidomc add, ADP, collagen and epinephrine. 



Drug Appficaticn of anode currcnl 




Sham operator! vorraa 2 12 

DjoyrtdamaJe (mgftg, Uv.) 



Flj. 3. Effects of S.v, injected dipyridamole on carotid arterial blood 
flow <CBF) (top) and UuOmbus weight (bottom) in an electrical 
stimulation-induced carotid arterial thrombosis rat modeL Dipyri- 
damole (3 and 100 nagAg. I .v.) or vehicle was injected 15 min before 
the Application of anodic carta* (1 mA, 6 min). Changes in CBF arc 
expressed a* a percentage of too basal CBF measured just before 
injection in each rat, The basal CBF values Were 6.4 ± 1.0 ml/mln 
Cduun ope., OX 6\B*0.8ml/min (vehicle, Q), 7.0± l,0ml/min 
(dipyridamole at 3 ma/Jc$. #) and 6-5 ± J-S ml/mm (dipyrkiaroote 
at lOmg/ks, ■). Dam represent the «ean±S*E.M. Of 5 anhnals 
per croup. The sham-opcfauon group received vehicle without the 
application of current. 



In contrast, aspirin even at doses of 300 or 900 mg/kg 
caused only partial bttprovcrocnt in the rate of mortality 
induced by ADP or by collagen plus epinephrine. It has 
been reported thai the lethal effects of platelet activators 
such as aracrridonte add, ADP, collagen and epinephrine 
in the pulmonary thromboembolism model arc caused by 
massive ocdusiofl of the micrcorcuiarion of the lung by 
platdct thrombocmboli (23-25). Therefore, our results 
suggest that a selective PDE 3 inhibitor displays a broad 
spectrum of antithrombotic activities in in vivo thrombus 
formation as well as in in vitro platelet aggregation, and 
that the antiplatelet and antithrombotic actions of a selec- 
tive PDE 3 inhibitor are distinctly different from those of a 
COX inhibitor such as aspirin. 

Electrical stimulation is frequently used to induce occlu- 
sive arterial thrombosis in rats (17-22, 26). Several reports 
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Fig. 4. Effects of intraduodenolty injected NSP-5J3 On mean Wood 
pressure (lop) and heart rate (bob on) m on electrical stimulation- 
induced esrodd arterial thrombosis rat modcL NSP-3J3 (0,01—0 J 
mgAg. i.d*) or vehicle was injected 30 mm before the application of 
anodic current (1 cnA, 6 mln). Changes in mean blood pressuro and 
heart rate arc expressed as a percenifiec of ibe basal values measured 
just before Injection 2s each rat, The basal mean blood pressure values 
Trent IJ3±4rnmHg (vehicle. O), H4±) mrnHa (NSP-513 at 0/>l 
mc/kg, #)> lI8±3mmHc (NSP-SlSatO.QJms/ks. D>and U9±6 
mmHg (NSP-5J3 as at mg/tc,, p). The basal heart rate values were 
344 ± 20 bcats/min (vehicle), 341 ± 1 1 becB/min (NSP^13 nl 0.01 
mg/kg), JJD * 8 beats/nun (NSP-513 at 0.03 mj/t^) and 357129 
beats/mjn (NSP-513 m 0. 1 mgA^, Data represent the mean ± SJELM. 
of $ animals per group. 



Drug 
V 




-40 -30 20 -10 6 10 20 30 40 
Time (min) 




Sham opata&m Vehlcte 



Aspirin CmoAg, Ld.) 



rig, 5. Effects of mtroduodenally Ctd.) injected aspirin on carotid 
arterial blood flow (CBF) (top) and thrombus weight (bottom) in on 
electrical stimulation-induced carotid arterial thrombosis rat model. 
Aspirin (10- lOOmg/kg, W OT vehlcJc was injected 30 nun before 
the application of anodic current (I <nA» 6 rairij. Changes in CBF are 
expressed as a pcrcentoae of (be basal CBF measured just before injec- 
tion in each rot. The nasal CBF varus were 7,2 £ 1.1 ml/mln (shaai 
opc M O), 6Ji 0.8 ml/mln (vcWdc, □), 8.6 ± 1.0 ml/mm (aspirin at 
10mg/k$, ?.8i 1.2ml/miO (aspirin at 30mg/kg, ■) and 7,5 
±1.7 ml/mln (aspirin at 100 rag/Kg. A), Daw represent the mean 
±S£.M. of 5 animate per croup. *?<0.05 versus vdock. The shmn- 
opcraiioa group received vehicle without the application, oT current. 



have suggested thai dectrical stimulation-induced injury of 
blood vessels produces experimental thrombus with a mor- 
phology that is consistent with human pathology (17, .20, 
26). In our rat model of electrical Emulation-induced 
carotid arterial thrombosis^ i.d. Injection of aspirin 
produced significant antithrombotic effects that were not 
dosc-relatccL Aspirin & the most commonly used antiplate- 
let drug and has been shown to inhibit not only the produc- 
tion of pToaggregatory TXA 2 in platelets but also the 
production of antiaggregatory prostaglandin (PGIx) in 
vessel walls; this phenomenon is known as the * aspirin 
dilantna" (27-3?), Therefore, our results suggest that the 
ability Co synthesize PGI 2 ts not completely abolished in 
the carotid arterial wall following electrical stimulation and 
that the dose-Independent antithrombotic effects of aspirin 



may be due to the "aspirin dilemma," Heparin, an anti- 
coagulant drug, also inhibited thrombus formation when 
given at a dose of 300 units/kg per hour, which maximally 
increased the activated partial thromboplastin time 
(APTT) from ly ±2 to >300s (H. Hi rose etal,, unpub- 
lished data). Schumacher et aL, (21, 26) demonstrated that 
heparin (300 units/kg, Uv., every 30 min) significantly 
prevented carotid arterial thrombus formation in rats in 
response to electrical stimulation and that the % inhibition 
with heparin was 50-637o. These previous data for hepa- 
rin seem to be consistent with our data. Thus, this rat 
thrombosis model appears to be appropriate for the evalu- 
ation of both antiplatelet and anticoagulant drugs. In this 
rat model, wc found thai NSP^5I3 dose-dependently 
reduced thrombus formation on the inner surface of the ar- 
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Heparin (unto/kg per hour, l.v.) 



fig. & Effects of i.v. Infusion of heparin oo carotid arterial bipod 
flow (CBF) (cop) and thrtmtw wnrfjt (bottom) in aq electrical 
tffimriailon-iodiiced carotid arterial thrombus* nrt model. Infusion of 
heparin (100 and 300 unlu/kt per hoar) or vehicle was suited tSmln 
before the appGeotion Of anodic current (J aiA. 6 rain). Quages in 
CBF are cprpfctfcd OS a percentage of the basal CBF measured jttSl be- 
fore infusion in each rat. The basal CBF values were 7.6 ± 1.7 ird/rtim 
(shorn upc*. O), 5.7 ± 0.8 ml/min (vehicle. O). 5^±(X7m!/mla 
(heparin at 100 cnils/kj per how, •) and 5.3± 1.1 ml/hrfn <hej>arin 
at 300 unlls/kg per hour, ■). Data represent ibe mean *SJB.M- of 4 
or 5 animals per group. ♦P<a05 versus vchkfe. The shanvoperation 
StOUp received vehicle without the application Of current. 



ccrial vessel wall, although antithrombotic effects of selec- 
tive PDE 3 inhibition were not repotted previously using 
the electrical stimulation-induced injury model* At a dose 
of 0*1 mg/kg (LcL), 75Wt inhibition of thrombin formation 
(weight) was observed. As a result, effective doses of 
NSP-513 were lower in our rat mode! than in our mouse 
model- Antiplatelet potency of NSP-513 is affected by the 
type of r^tdet^ssrt^ating agents used (TabJeJZ). Also, 
platelet aggregation in the mouse model is reduced by sys- 
temic application (l.v.) of the aggregating agent; and* in 
contrast, in cbe rat model, it is induced by local stimulation 
into the carotid artery. Therefore, one possible explanation 
for (he difference in effective doses between the rat and 
mouse models involves the different experimental condi- 
tions with respect to the type and mode of application of 



aggregating agents and/or stimulation. Of course, we can- 
not rule out the possibility of a species cbtfereoce between 
the rat and mouse in the antiplatelet potency and/or phar- 
macokinetics of NSP-513. Furthermore, the antithrom- 
botic activity of NSP-513 was at least 300 times more potent 
than that of cftosraaol in two in vivo thrombosis models, 
although the antiplatelet activity of NSP-513 was 1J to 65 
times more potent than that of cilastazsl in in vitro platelet 
aggregation assays. We confirmed the oral absorbability of 
NSP-513 in our preliminary' pharmacokinetic study using 
rats* and the maximum plasma concentration of NSP-513 
was 750 ng/mj at 0.5 h after a dose of 3 mg/fcg (p.o.). In 
contrast, it has been reported that the maximum plasma 
concentration of cflostazol is about 7S0 ng/ml at2-4 h af- 
ter the administration of 10 mg/kg (p.o.) (33). Therefore, 
one reason for the difference in potency between the in 
vitro and in vivo conditions may be the lower oral 
absorbability of dlostazol compared with that of NSP-513. 
In addition, it has been reported that the concentration of 
caostazol after oral administration differs among several 4 
cardiovascular sites including the blood, aorta, vena cava 
and heart (33). Further antithrombotic studies including 
assay of the phanriacoldnctics of NSP-513 would be neces- 
sary to resolve this issue. 

On (he other hand, we did not observe any significant 
antithrombotic effects of dipyridamole at intravenous ' 
doses of 3 and 10 mg/kg. Since 0.0J mg/kg fi.d.) of 
NSP-513 produced a significant reduction in thrombus 
weight, the in vivo antithrombotic activity of dipyridamole 
Appear* to be roughly 1,000 times less than that of 
NSP-513. Dipyridamole was at least 100 tunes more selec- 
tive against human platelet PDE 2 and 5 than against hu- 
man platelet PDE 3* The inhibitory effect of dipyrfdamoie 
on human platelet PDE 3 was 2,600 times less than that of 
NSP-513. Other investigators have reported that the IC* 
values (uM) of dipyridamole for human PRP aggregation 
induced by ADP, collagen and ar^donic acid were 210. 
380 and >1000, respectively (34), and that dipyridamole (5 
mg/kg, i.v.) did not prevent arterial thrombus formation 
in an electrical stimulation-induced Injury model in rats 
(21). Therefore, our findings strongly support the concept 
that the activity of PDE 3 is the primary contributor to 
human platelet aggregation, despite the presence of other 
PDJSs such as PDE 2 and 5. 

In addition, we did not observe any significant changes 
in heart rate or blood pressure even at antithrombotic 
doses of NSP-5 J3 (0.01 -0.1 mg/kg, i,d.). PDB Inhibitors 
elicit cardiovascular effects, including relaxation of vascu- 
lar smooth muscle and positive inotropic responses in 
cardiac muscle (35-37). Interestingly, En rat cardiac mus- 
cle, it has been reported that selective inhibitors of POT 3 
and PDE 4 do not increase the force of contraction when 
given alone, but such agents do increase contractility when 
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administered in combintuioa (38). Therefore, one reason 
/or the lower cardiovascular activity of NSP-513 may be 
thai the inhibition of total PDE activity is more PDB 3- 
seasrtive in platelets than in cardiac muscle or vascular 
smooth muscle in rats. However, since it has been predict- 
ed that the composition of the cardiac PDE isozymes In 
rats differs from that in other species including humans 
(10), further cardiovascular studies on NSP-513 art neces- 
sary* 

In conclusion, the inhibition of PDE 3 alone by 
NSP-513 has the potential to prevent not only in vitro 
platelet aggregation but also m vivo thrombosis formation 
induced by various platdet-aggregadng agents or electrical 
stimulation in the arterial vessel wall, and the highly selec- 
tive PDB 3 inhibitory effect of NSP-513 suggests that this 
compound would be useful for assessing the physiological 
role of PDB 3. In addition, since the antiplatelet and anti- 
thrombotic activities of NSP-513 arc greater than those of 
cilostazo), dipyridamole or aspirin* NSP-513 may have 
value in the treatment of arterial thrombotic disorders, 
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